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PHILIPPINE FOREST PRODUCTS AS SOURCES OF 
PAPER PULP 

By William H. Brown and Arthur F. Fischer 
INTRODUCTION 

The increasing difficulty of obtaining wood pulp for paper 
has led to the examination of a great variety of substances to 
be used as substitutes. The possibilities for paper pulp in the 
Philippines have been investigated by Richmond and reported 
on in a series of articles in the Philippine Journal of Science.* 

Since Richmond's articles appeared very little information has 
been obtained concerning paper, except in regard to supply and 
yield of materials. The Philippines offer a particularly favor- 
able site for the establishment of a paper industry, as raw 
material of good quality and at cheap prices is available. There 
is moreover a very considerable local market in addition to that 
which can be obtained by export. The Philippine Legislature 
has passed a law guaranteeing for a paper plant an interest of 
four per cent per annum for three or six years. The local de- 
mand is considerable, as can be seen from the fact that during the 
year 1917 paper and paper products to the value of 3,778,373 
pesos were imported into the islands. In Manila alone there 
are eleven daily and eight weekly papers, besides numerous 
monthlies and quarterlies. Richmond has shown that there is 
not only a considerable amount of material for paper pulp to 
be derived from forest products, but that besides there are other 
very considerable sources. In the Philippines, clothes are made 
largely from cotton which is not mixed with wool, and by far 
the largest part of this cotton is white, so that cotton rags offer 
considerable possibilities for the manufacture of paper. Among 
the agricultural products may be mentioned abaca (Manila hemp) 
waste, banana fiber, sisal, and maguey waste. In the process of 
stripping commercial fiber from abaca as much or more waste 
fiber is left in the stalk than is extracted. Richmond has found 
that this material makes an excellent paper. The abundance of 
this waste is shown by the fact that 171,148 metric tons of abaca 



* Richmond, G. F., Philippine fibers and fibrous substances : Their suit- 
ability for paper-making, Philippine Journal of Science, Vol. I, p. 433; 
Part 11, Vol. I, p. 1075; Part III, Section A, Vol. II, p. 81. 

Philippine fibers and fibrous substances: Their suitability for paper- 
making, Philippine Journal of Science, Section A, Vol. V (1910), p. 233. 
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were exported from the Philippine Islands during the past year. 
The growing of sisal and maguey is increasing rapidly and these 
sources should soon offer considerable material for paper. Rich- 
mond has also shown that banana fiber makes an excellent paper. 
He calculated that 33,913 hectares in the Philippines were used 
for raising bananas. When a banana stalk once bears fruit, the 
stalk is then cut down and usually allowed to decay so that this 
possible source of paper pulp is now entirely wasted, except 
when used for food for stock. Besides the cultivated bananas 
there are large tracts of wild bananas in the Philippines. 

Among the forest products which offer immediate prospects 
for paper pulp are three plants : one a bamboo (Schizostachyum 
iMmampao) and two grasses, cogon (Imperata exaltata) and ta- 
lahib {Saccharum spontaneum) , The other sources will be 
mentioned later. 

BAMBOO FOR PAPER 

Perhaps the most promising source for paper material is 
offered by the moderate sized thin-walled bamboo, Schizosta- 
chyum lumampao. For a description of this plant and its pro- 
duction, see Bulletin 15, on bamboos. 

As is well-known bamboo has long been used for making paper 
in China. In fact, it is the chief material in use for this purpose 
in that country. Various species of bamboo in other countries 
have also been made into good paper as will be seen by referring 
to Richmond's articles. 

The following excerpt communicated by Consul Henry D. 
Baker, of Trinidad, British West Indies, in the United States 
Commerce Reports No. 57 of March 9, 1918, shows how favor- 
ably bamboo is considered as a paper material. 

The publishing house of Thomas Nelson & Sons, of Edinburgh, Scotland, 
has an important project under way for manufacturing paper from bamboo 
in Trinidad. About 1,000 acres of land near St. Joseph (7 miles from the 
capital at Port of Spain) have been planted in bamboo, and a concession 
has been obtained giving the firm the right to cut bamboo from the Govern- 
ment forests. 

It appears that Thomas Nelson & Sons, foreseeing a paper famine 
throughout the world within the next few years, have been giving very 
serious consideration to the problem of providing adequate paper reserves 
for themselves for the future; and although realizing that paper can be 
manufactured from any vegetable material containing cellulose, neverthe- 
less, it seemed to them that bamboo was most suitable for the purpose. 
They selected Trinidad for their bamboo-paper project, as the bamboo 
grows here very quickly, having sufficient development within three or 
four years for making paper. Moreover, Trinidad is within a reasonably 
short distance by sea from Edinburgh, being, of course, much nearer to 
their headquarters than are the bamboo forests of Asia. 
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Raitt * in discussing the paper sources in India describes 
bamboo as an excellent paper material. 

As has been shown in Bulletin 15, dealing with bamboo, 
Schizostachyum lumampao covers extensive, accessible areas in 
the Philippines. A combination of the data given in Bulletin 15 
for this bamboo and Richmond's figures for yield of pulp will 
enable us to form an estimate of the amount of pulp that can be 
secured from a given area. In the discussion of this species, 
it was shown that an average hectare of SchizostacJiyum lumam- 
pao contains approximately 9,000 canes. Richmond found that 
an average green stem weighed 7.2 kilograms; an air-dried stem, 
4 kilograms; and an air-dried one without the nodes, 3.75 kilo- 
grams. Using this last figure it will be seen that there would be 
33.75 metric tons of dried material per hectare. Richmond cal- 
culated that 2 metric tons of dried material would give about 1 
short ton of pulp. A hectare should therefore produce about 
17 tons of pulp. 

No exact figures concerning the cost of collection of Schizos- 
tachyum lumampao can be given. It is sold in Orani, Bataan 
Province, at from 8 to 12 pesos per thousand stems. Richmond 
calculated that a thousand canes could be cut and transported 
a distance of 1 to 2 kilometers at a cost of between 6.33 to 8.16 
pesos. All of these figures apply, of course, only to the crude, 
primitive method at present employed in collecting this material. 
However, even at a price of 10 pesos per thousand stems, the 
material for a ton of pulp would cost only 2.50 pesos. 

Concerning the preparation of paper pulp by the soda process 
from Schizostachyum lumampao, we may quote the following 
from Richmond: 

It was found as the result of repeated trials with caustic soda liquors 
under varying conditions of strength, pressure and duration of cooking, 
that bamboo chips prepared as outlined above invariably yielded 43 to 45 
per cent of air-dry, unbleached fiber under the following conditions : 

(a) Upright cylindrical stationary digestors. 

(6) Direct live-steam heat. 

(c) Fifteen to 20 per cent of 76 per cent caustic soda calculated on the 
air-dry weight of the raw material. 

{d) A duration of cooking of four to six hours. 

{e) A maximum temperature of 160° C. (320° F.) corresponding to a 
steam pressure of 45 kilos (90 pounds). 

Fiber thus prepared bleached to a splendid white with 12 to 15 per 
cent of bleaching powder. The fiber was strong, of good felting capacity, 
and it made a more bulky sheet than wood pulp. Bamboo fibers average 
2.5 to 3 millimeters in length, so that they are somewhat longer and 
materially narrower than spruce fibers. 



* Raitt, Wm., New fibers for paper, The Indian Forester, Vol. 36 (1910), 
p. 34. 
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That bamboo is readily resolved by the soda process of treatment to a 
fiber which is easily blended has been proved beyond doubt, and further 
experiment in this direction is scarcely necessary. The fiber possesses 
the requisite length, strength, and felting capacity to meet the paper 
maker's demands, and the quantity of resistant cellulose per unit v^eight 
of the raw material is sufficient to warrant its extraction. 

The following quotations also from Richmond give informa- 
tion concerning the sulphite process on Schizostachyum lu- 
mampao: 

Bamboo chips prepared as described above, in lengths varying from 
1.270 to 2.540 centimeters, but uncrushed, were well screened from dust 
and dirt and packed into a stationary, upright, lead-lined digester and 
heated with direct fire in the presence of sulphite liquors of different 
concentration and under varying conditions of temperature and time. 
Thirty-seven separate digestions were made, but in no instance was I 
able to produce from bamboo a pulp easy to bleach with bleaching powder, 
the universal bleaching agent employed in the industry at the present 
time. 

The process yields fully 50 per cent of unbleached pulp and with a 
much lower sulphur consumption than is required in commercial practice 
for wood. Well prepared, but uncrushed chips pulped readily with liquors 
of ordinary strength in six to eight hours, but the unbleached fiber was not 
as light in color as sulphite spruce and could only be used in the 
unbleached condition for wrappings, tags, etc., where strength, rather 
than color, is the important consideration. It is needless to say that 
I varied all the conditions of the treatments in every conceivable manner 
with the main point in view of producing a pulp which would bleach 
readily, and with a reasonable consumption of bleaching agent, but with- 
out success. If bamboo pulp were most suited for use in an unbleached 
state, then the sulphite process should be adopted by all means, but the 
material is not suflficiently light in color to be mixed with mechanical 
wood pulp in preparing news print paper, besides it is too good a fiber 
for the latter or for wrappings, for which it is entirely suited so far as 
color is concerned. In my opinion, bamboo fiber is eminently fitted for 
paper for books and for certain grades of writing and lithographic papers, 
either alone or when blended with rag or sulphite wood pulp. 

A few data selected from the more successful sulphite experiments are 
given: [Table I.] 

Table I. 





Composition of the liquor. 


Conditions of time 
and temperature. 




i 


Sulphur consumed 
per ton of pulp. 




Experiment 
No. 


. _.■ ;. 


Time 

to 
reach 
maxi- 
mum. 


Maxi- 
Total 1 ^Ji;^ 

ti-.',ra: 

; ture. 

1 


Yield of unbU 
pulp. 


Bleach consu 


Color. 




Per ct. Per ct. 


Per ct:Per ct. 


//r.s. Mrs. ' °C. 


Per ct. 


Per ct. 


Met- 
ric. 




1 


1.17 \ 3.87 


1.34 1 2.52 


3r 7 ' 145 


52.4 


30 


149.6 


Poor white. 


2 _ 


1. 28 4. 53 


1.47 3.04 


3 7 i 150 


50.2 


27.6 


240.0 


Do. 


3 


1. 09 3. 39 


1.25 2.14 


4 9 1 145 


50 


24.12 


240. 


Do. 


4 


1. 12 3. 71 


1.28 2.43 


3 8 ! 145 


51 


28.5 


223. 5 


Do. 
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It will be noted that from 24 to 30 per cent of bleaching powder was 
required to produce at best a poor white, that is, 12 to 15 kilos of bleach- 
ing powder of the standard strength (35 per cent available chlorine) are 
required for 50 kilos of unbleached pulp. This consumption is excessive, 
and it forms the greatest objection to placing bamboo pulp prepared in 
this way on the market. . . 

Aside from the poor bleaching properties of bamboo sulphite fiber 
prepared under the above conditions, there are other factors, both local 
and general, which tend to preclude the use of the sulphite process of 
treating bamboo at the present time. 

1. Bamboo fibers appears better suited for book printing and lithographic 
papers than for wrapping or news printing paper. This being the case, 
bulk, softness, and opacity, which are the chief features of soda fiber, 
are what is desired. . . 

2. It is undoubtedly true that the sulphite process costs less than the 
other for chemicals. Sulphur, at present quotations, can be converted 
into sulphite liquor and thrown away after use at less expense than the 
cost of soda actually consumed plus the cost of its recovery. However, 
the local supplies of limestone are better adapted for making soda than 
sulphite liquor. . . 

The other chemicals, sulphur on the one hand and soda on the other, 
used in the two processes, are not produced locally, hence would have to 
be imported from the most favorable foreign source. 

Richmond also investigated Bambusa spinosa as a source for 
paper pulp, and found that this species gave a smaller yield of 
cellulose than Schizostachyum lumampao and required an exces- 
sive amount of bleach (20 to 25 per cent) to produce at best a 
poor v^hite. 

GRASS FOR PAPER 

Indications are that approximately the v^hole Archipelago v^as 
originally covered with forest. Hov^ever, a shifting system of 
cultivation has reduced large parts of forested areas to waste 
grassland until at the present time about 40 per cent of the total 
land surface of the Archipelago is covered by grass, particularly 
the two species, cogon (Imperata exaltata) and talahib (Sac- 
charum spontaneum). These grasslands originated in the 
following manner. When a forest is clear cut and cultivated 
by primitive methods, grass and weeds invade the area. In 
order to remove these, it is a common practice to cut all plants 
and burn. This effectually kills the tree seedlings and shrubs, 
but does not harm the grass, which grows from strong under- 
ground stems. The result of several such fires is that the land 
is left in the possession of the grass, which is hard to eradicate 
by primitive methods of cultivation. Grass areas once estab- 
lished are usually burned over every dry season and so remain 
almost indefinitely in grass. If these grasses were cut for paper- 
pulp manufacture the cutting would have much the same effect 
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as fire in keeping out other vegetation. Burning or cutting 
these grasses seems to have no injurious effect on the stand but 
rather causes an increase in the rate of growth. From the fore- 
going, it will be seen that abundant grass areas can be found 
for the production of tremendous quantities of raw material. 

Richmond has investigated both cogon and talahib as sources 
of paper pulp and concluded that both species would make an 
excellent paper. 

Cogon is a rank-growing, sod-forming grass about 1.5 meters 
in height. The study of cogon was carried on in connection 
with esparto grass, which has long been in use for the manu- 
facture of paper. Comparative analyses of these two species 
are given in Table II. Table III indicates the yield of paper 
cellulose to be expected under factory conditions, and the treat- 
ment and amount of soda necesary to produce a well-boiled 
paper. All four of the pulps produced by the experiments in 
Table III were light gray, clear, and appear to be well reduced. 
An investigation of cogon also showed that no preliminary treat- 
ment was necessary, but that after being dried and hand picked 
or machine cleaned, it was ready for immediate digestion. 



Table II. — Analysis of cogon and esparto grass.' 

Ash, alkaline hydrolysis, and cellulose calculated on dry material. 



Moisture .. 

Ash 

Hydrolysis («) 

Hydrolysis (b) 

Cellulose 

Chemical composition of copron and esparto grass. 



j Esparto 
Cogon I grass 
grass. I (Spa- 

I nish). 



Per cent. <. Per cent. 



9.32 i 

4.53 j 

25.77 \ 

40.00 - 

50. 11 



8.68 
3.71 
19.75 
37.16 
55.16 



I Cellulose 

I Fat and wax 

I Aqueous extract 

Pectous substances. 

Water 

Ash 



Cogon. Esparto. 



i 



46.68 
1.16 

10.80 

26 

11.33 
4.03 



Per cent. 
48.25 , 
2.07 
10. 19 , 
26. 39 I 
9.38 
3.72 



'•Figures from Richmond. G. F.. Philivpine Journal of Science, Vol. 1 (1906). p. 458. 
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Table IIL — Experiments on cogon grass, showing amount of canstic soda 
used and yield of pulp.' 

n i. r Exper- Exper- ' Exper- I Exper- i 

Percentage of- ^ i^^^^ 1 -^^^^ 2. iment 3. : iment 4. | 

I ■ I ■ ■ : 

Soda liquor .-- 

Caustic calculated on weight of material _ 

Yield of pulp 



2 


2.4 


2.5 


3 


10 


12 


12 


15 


47.34 ; 


45.5 ; 


45. 42 


44.25 





Table 


IV.- 


Moisture 






Ash 






Hydrolysis 


(a) 




Hydrolysis 


(b) 




Cellulose 






' Figures from Richmond. 


G. I 



" Figures from Richmond, G. F., Philippine Journal of Science, Vol. 1 (1906) p. 458. 

Talahib is a taller grass than cogon and frequently reaches 
a height of more than 3 meters. It is a bunch grass and usually 
occurs in moister situations than cogon and forms denser 
stands. 

-Analysis of talahib grass," 

10.2,3 
5.46 
27.44 
40.53 
53.90 

Philivpine Journal of Science, Vol. 1 (1906), p. 458. 

In Table IV, from Richmond's publication, is shown the 
percentage of cellulose obtained from this species. The pulp 
bleached to a good white with only 2.3 per cent loss in weight 
by the use of 5.7 per cent of bleaching powder calculated on the 
original weight of the material digested. 

Raitt * says that Saccharum sara of India yields an excellent, 
easily bleached paper similar to that of wheat straw. 

MISCELLANEOUS PRODUCTS 

Several species of palms, including rattans, nipa, buri, and co- 
conut, are widely distributed throughout the Archipelago and 
contribute to the local demands of the people for food and 
shelter. A discussion of their distribution will be given in a 
bulletin on palms. The fibrous products of some of these palms 
might offer a considerable source for paper. Richmond * made 
unbleached paper from buri palm rope and found it to be strong 
and fairly free from shive. 

The bark of Wikstroemia ovata, W, Indica, W. meyeHana 

* Raitt, Wm., New fibers for paper. The Indian Forester, Vol. 36 (1910) , 
p. 34. 

* Richmond, G. F., Philippine Journal of Science, Vol. I, p. 1084. 
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and other species of the same genus is collected in considerable 
quantities and exported to Japan where it is said to be used for 
the manufacture of bank notes and other strong papers. This 
plant is a small bush which is scattered in thickets throughout 
the Philippines. Most of the bark collected comes from the vi- 
cinity of Mount Mayon and from Mindanao. 

In the Philippine Islands there are large numbers of plants 
with strong bast fibers. Some of these might be useful for 
high-grade paper or for strengthening paper made from weaker 
material. These barks will be discussed in a later bulletin. 

In Table V, are given the dimensions of the ultimate fibers of 
some of the plants previously discussed. 



Table V. — Dimensions of the ultimate fibers of some Philippine fiber plants. 

[Taken by Dr. E. B. Copeland. All measurements in millimeters.] 



Length. 



Name. 



Maxi- 
mum. 



Aver- Mini- Maxi- 
age. mum. I mum. 



6.00 



7.30 
4.93 



I 



2.45 0.021 



5. 49 I 4. 15 ; . 026 
2.38 1.00 I .026 



rum spontaneum) - . 
Bamboo (Bambusa blu- 

meana) 

Dwarf bamboo {Bam- 

busa lumampao) 

Rice straw {Oryza sa- 

tiva) 

Buri palm (Corypha 

elata) 



1.59 i 0.8 

i 

1.81 ; 



2.80 



2.57 
0.88 
2.11 



1.20 



1. 10 



Abaca (Musa tcxtilis) .\ 
Plantain {Mtisa sapi- , 

entum vav. paradi- , 

siaca) j 

Maguey (Agave can- | 

tula) I 

Cogon grassilmpe^'ata | 

exaltata) ' 1.82; 0.99 0.46 .021, .011 

Talahib grass {Saccha- 



Aver- 
age. 



0.017 



.020 
.018 



.020 j .015 

! 
1 

' .0075 

.028 ' .0156 

[ .0025 

.015 : .013 



Diameter. 



Lumen. 



Mini- '. Maxi- Aver- 
mum. ' mum. ' age. 



J 0.009 : 0.0066 



Mini- 
mum. 



0.018 .016 ; .0106 ,0.007 



.005 


.013 , 


.007 


.004 


.005 


.013 1 


.0044 


.001 


.012 


.010 


.0043 


.1115 


.005 


1 

1 
.025 


.018 


.001 


.010 


.007 1 


.0034 


.002 



As far as we now know, the Philippine forests in general do 
not offer particular favorable conditions for the gathering of 
pulp material. This is due to the fact that the composition of 
the forests is very complex. On one-quarter of a hectare of 
virgin forest on Mount Maquiling there were 92 different tree 
species. In an over-cut area of the same size there were 129 
different species. However, conditions are not always as un- 
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favorable as these figures would indicate, as frequently the bulk 
of the timber is comprised in only a few species, these species 
being usually of the same family. In some forests the compo- 
sition is probably uniform enough and the volume of timber 
sufficient for pulpwood to be collected economically. How- 
ever, the wood in these forests commands such a price that 
it is doubtful if it would be profitable to use the wood for paper 
pulp. The most feasible means of producing pulp from wood 
would probably be in connection with large sawmill units in 
using the waste for pulp. In large forests there is always a 
considerable proportion of defective timber and besides in the 
operations of cutting there is always a large amount of waste 
produced. Trees which do not produce commercial lumber 
could, moreover, be cut and taken in at the same time as other 
logs. Richmond * has investigated several species of trees as 
a source of paper pulp. His figures on lauan, palosapis, and 
kupang are interesting, as these trees occur in large numbers. 
The first two form dense stands and produce a large part of 
the lumber cut in the Philippines. Palosapis and lauan are very 
similar in structure to other Philippine woods which occur in 
large quantities. The length of the ultimate fibers of these 
woods is given in Table VI. The figures in this table are taken 
from a longer table by Dr. F. W. Foxworthy. The approximate 
analyses of these woods is given in Table VII, taken from Rich- 
mond. In Table VIII, are given data on experiments with the 
soda process on lauan, palosapis, and kupang; and in Table IX, 
are data on the sulphite process. 



Table VL — Dimensions of the ultimate fibers of some Philippine woods. 

\ [Fij2rures from table by Dr. F. W. Foxworthy.] 







Length. 




" 




Diameter. 

1 










Name. 


Maxi- 


1 

j Aver- 


Mini- 


Maxi- 


Total. 




Lumen. 
Aver- 


Mini- 




Aver- 


Mini- Maxi- 




mum. 

- ■ 


age. 


mum. 


mum. 


age. 


mum. [ mum. 


age. 


mum. 




mm. 


! 

mm. 


mm. 


vim.. 


myn. 


m,vi. ' m,m. 


mm. 


mm.. 


Lauan (Pent acme con- 


















torta) 


2.28 


\ 1.94 


1.13 


0.026 


0.022 


0.017 0.017 


0.014 


0.009 


Palosapis {Aniaoptera 












1 






tMirifera) 


2.62 


1.92 


1.16 


0. 030 


0.023 


0.019 0.0092 


0. 0058 


0.0031 


Kupang- {Parkia ja- 


















vanica) 


L80 


L15 


0.86 


0.038 


0.029 


0.021 0.026 


0.020 


0.014 



* G. F. Richmond, Philippine Journal of Science, Section A, Vol. II,, 
1907, p. 81. 
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Table VII. — Proximate analyses of Philippine woods. 

[Data from Richmond.] 



Kind of wood. 



Water Aqueous' A'coh"! p^,. 
I <=-t™<'t- ' extract. '"'»-■ 



Per ceiit. j /V?' rent. \ Per cent. 

Lauan 11.23 ' 3. 85 i 2.72 

Palosapis ' 1L50 4.50 ' 1.20 

Kupang 13.33 3.45 | 1.17 

Dita 10.41 4.19 0.60 



Incrust- 

ing 
matter 



Ash. 



IW rent. '■ Per cent. ' Per cent. 



61.71 ! 
55.73 
60.56 
49.91 , 



19.57 

28.24 ' 
19.41 j 
33.87 i 



0.89 
0.83 
2.03 
0.99 



Table VIII. — Experiments with soda process on Philippine woods. 

[Data from Richmond.] 



Experiment No. 



Lauan: 

1 

2 

3 

4 

5 

Kupang: 

1 

2 

3 

4 

5 

Palosapis: 

1 

2a.... 

3b .... 

4 



Caustic 
soda 
solu- 
tion. 



■Caustic 

soda 
calcul- , 

ated on 
weight 
of ma- j 
terial. I 



Dura- 
tion of 
diges- 
tion. 



P. ct. 

10 ! 

7.5 
5 

3.75 
3.5 

7.5 

6 

! 

4.7 
3.75 
3.5 , 

10 

6.25 
5 

4 I 



P. ct. ; 
25 ■ 
22.5 
20 

15 
12.5 

25 

20 : 
20 
15 
12.5 

22 

20 
20 
17.5 ' 



Hrs. 



5-6 
10 
5 
5 



Pres- 
sures 
carried. 



Atmos- 
pheres. 

6 i 

6 I 

5 (7i)' 

6-8 I 

6-8 ' 

6 

7 
6-8 
6-8 

5 
6-7 
6-7 
6-7 



Yield of pulp. 

j 

blYa^ch- Bleach- 
ed. ^^• 


Bleach- 
ing 
powder 

con- 
sumed. 


Loss of 
weight 

in 
bleach- 
ing. 


P. ct. 


P. ct. 


P. ct. 


P. ct. 


40.9 








42.37 


40 


17.1 


5.69 


45.2 


40.3 


18.8 


10.8 


45.28 








48.6 








41.91 








43.71 


40.3 


16.5 


7.8 


44.97 


40.2 


18.4 


10.6 


48.4 








50.4 








38.5 








4L85 


40.7 


9.9 


2.74 


42.5 


41 


12 


3.53 


44 


4L19 


15.4 


2.81 



' Good white color. 



*' Yellowish color. 
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Table IX. — Experiment fi with sulphite process on Philippine ivoods. 

LDatii from RicHMoND.l 





Composition of 
liquor. 


Duration of 
digestion. 




Yield of pulp. 






Kind of wood and 
experiment No. 


Total 
SO2. 


Com- 
bined 
SO2. 


Avail- 
able 
SO2. 


Time 

to 
reach 
maxi- 
mum 
tem- 
pera- 
ture. 


Total 
time. 


Maxi- 
mum 
tem- 
pera- 
ture 
carried. 


Un- 
bleach- 
ed. 


Bleach- 
ed. 


Bleach- 
ing 
powder 

con- 
sumed. 


1 
Screen- 
ing's. 


Lauan: 


P. ct. 


P. ct. 


P. ct. 


//r.s. 


Hrs. 


°C. 


P. ct. 


P. ct. 


P. ct. 


P. ct. 


1 

2 


3.6 
3.5 


1.6 
1.2 


2 


4 


12 


160 


42 2 






1.8 


2.3 


5^ 


11 


150 


44.4 


43.3 


13.4 




3 

Palosapis: 

1 

2 


3.75 

3.52 
3.45 


1.78 

1.63 
1.35 


1 97 


41 


11 


155 


46 






1.75 


1.89 
2.10 


4^ 
5i 


9 


154 


47 27 








11 


150 


44.75 


42.35 


14 




3 

Kupang-: 

1 


3.75 
3.6 


1.78 
1.2 


1 97 


4i 


11 


155 


46 






1.4 


2.4 


4 


10 


145-155 


40.76 


43.2 


8.51 




2 


3 
3.75 






4 

4^ 


16 
11 


160 
155 


49.4 
47 







3.0 
0.0 


3 


1.78 


1.97 











o 



B^'^f »^M 



MAy,.^;,i .....Y, 






UNIVERSITY OF MICHIGAN 



III 



3 9015 05068 6768 



I . i I 
Ptrtstr- 

SO 
93 
A3 

no. 16 
cop. 2 



3 1 1 4 1 


1 5 1 


Buxan 


Philippine 


forest 



prodUQlg...a8„ej?uroe8_ 
of paper pulp. 1918. 



>^^ e^..„^ 


MAY 1 
\94Q 


^^V^'^' 


^/s^^-^. ah 


V<^^' 




#^'' 


r^ya 
























> 
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